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GEOPHYSICS RESEARCH DIRECTORATE
- AIR FORCE CAMBRIDGE RESEARCH CENTER

HEIGHT OF CONSTANT PRESSURE SURFACE .
BETWEEN 80 AND 120 THOUSAND FEET

by

A, E, Cole =*

Problem:
The variability in height of constant pressure surfaces betwesen
80 and 100 thousand must be considsred in the design of altitude
control mechanisms which will enable a high altitude balleon to
maintain a constant geometric altitude above sea level, Informa-
tion on the variation in height of such surface with latitude, longi-
tude, season, synoptic pattarn and time of day is required,
Responss: , _ _
, - Radiosonde pressure height measurements above 80,000 feet

= have been relatively.scarce uatil very r'ec-ntly." Improved balleon ‘

' performance sirice 1957 has greatly increased the number of ascents 't

_':bonf thillavol. Unfortunately, the observed ;h‘dghi-'of ilobdrig' BE:
--ﬁrhcéi hecome less accurate with iﬁcruamg’f‘lltyitudc dus to sys-
tqinltic errors in tempsrature measurements produced by solar

: ndittlnu. - This systematic effect of radiation varies greatly with

~ -solar elevation at time ef observations and with the type of radie-
sonde instrumenmtion used, | |

5 ‘Radiation temperature correction systems used by many

.countries are only rough approximations i{n ths region above 20
kilometers, In many cases, the error in the height measurement
‘of an isobaric surface equals or axceeds the day to day variations
around the mean mentbhly height, Consequently, the data from each
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v-:::ountry must be carefully svaluated before it can be used to
. determine v'amzion': in the height of isobaric surfaces at
high altitudes, | ‘

The Free University of Berlin conducted a study, ("Mean
Seasonal Conditions of the Armosphers at Altitudes of 20 to 30
km and Cross Bections -- Along Selected Meridians in the Nor-
thern Hemisphers'') using all available radiesonde data and extra-
polation techniques to obtain 2 ssriss of charts showing the mean
monthly heights of the 20 miilibar pressure surfacs (roughly
84,000 ft) over the Northern Hemisphere, This study provides
the best avajlable estimates o5n ths variabiiity witk latitude, longi-
tude and seasorn of an isobaric suriace at the altitude of interest,
The variability of an isobaric surface in the vicinity of 120,000
feet probably will be slightly greater than those at 84,000 feet
but will be of the same order of magnitude,

The following tabls taken from data in the study referemced
above shows the mean heights (meters) for the mid-seasen months
of the 20 millibar pressure surface at various latitudes along fowr
- meridians of the Northarn Hemisphsrs: ' '

Ja.mug
S tude : ,

Latitude  90°W 160° W 10°E o'z [ongiugpal
©30*° 26300 26370 26300 26380 80

40° 26200 26340 26200 26260 140

50 26080 26280 26000 26040 280

60° 25780 26160 25780 25800 380

70° 25480 25900 25440 25580 460

80° 25300 29480 25180 25360 368

' 90° 25200 25200 25200 25200 0
Latitndinal 1120 170 1120 1180

Range
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- Longitude .

10°E-

26480
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T »ﬁg_a (l.zmmar to wintrr) of mean mont.hly hci[ s
of‘ 20 milliblx prouura nurilce at va.rious hﬂt‘nd‘l ’
£or four mcridltnl of the Northcrn Hemisphew- : ‘

7 | Lo gi&ude

Latitude - 90°w 160°W - I0°E 140°E
30°N 480 110 520" 460
40°N 480 - 560 720 680
50°N 920 740 1020 : 1009
60°N 1320 940 1340 1280
70°N 1700 1260 1720 1620
30°N 1940 1740 2060 1880
90°N - 2050 2050 2050 2050

F‘rorm the above tables it is pouible to obtain estimates of

- tha sulena.l latitudinal and longitudiml variations in the mean

| monthly height of the 20 militbar pra.luro surface, For exampls,
_the mean hcight of the 20 mb surface at ‘70* N, 90°W in January

il 25480 mctors, in, July it 1s 27180 mcters, a ssasonal range of

Te for(tha‘ vdntar mlmth at, Thulo dus to bnrlt:lng of
11 n'j% _‘izxathc("'ttti'm oy co’d p;;ll.r atmospharc. These data ara
;,fnoi: considered to be as relisble as the 20 mb heights given above,
'“Hom‘r, they give some indication of the seasonal and Inimdiml
varh.bﬁity of the 10 mb surface,

Information on the day to day variablirty arcund mean ‘monthly

heights at this aliitude {s not readily avaiiable, Hewover, a limited

4
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amcunt «f di3ta for pressure surfices ay slightly Jower ievels
(22 10 23 kilometers) indicate the following day to day varia-
tions around monthly mean heights between 30 and 40 degrees

north,

Standard Deviations (meters) Around Mean Seasonal Height

Latitude Winter Sgring Summer Fall
30® to 40°N 110 105 95 90
50° to 60°N 210 150 130 175

Indications are that variations at levels betwsen 25 and 35 kile-
meters will be 20 to 30 percent greatsr, _

Studies of the diurnal variation in the height of the 25 millibar
surface (about 25 kilometers) have bean conducted over the United
States, Thess studies indicate that tne neights of the 25 millibar
surface are 200 to 400 feet highker in daylight areas thar in areas
of darkness, Thess values may increase slightly with altitude,

The Perkix-Elmer Corporation letter requesting this study
indicates an interest in the variability of the height of inobaric sur-
faces with distance, Heowever, in telephone conversation with
Mr, Normln Sissenwine of this Centsr, the requester indicated
that these data are roquired for a design problem involvin( a con-
stant level banon. A free balloon will travel downstream with
the wind, “As the wind flow is nearly paralle] to the contours (lines
of equal height of an isobaric surface) variztions in the height of a

* constant level balloon as it moves downstream with the wind will

be nurly zeTO, The change in height with distance perpmdicull.r

to the wind 1s directly related to the wind spesd, Data are avafl-
able with which to compute thsse changes, Howover, from the infor-
mation provided, it doss not appear that this typs of information is
pertinent to this preblem,
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